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ABSTRACT 

We present the first high resolution non-dlspersive 2-60 keV X-ray 
spectra of 41)1700-37. The continuum Is typical of that found from X-ray 
pulsars; that 1s a flat power law between 2 and 10 keV and, beyond 10 keV, an 
exponential decay of characteristic energy varying between 10 and 20 keV. No 
X-ray pulsations were detected between 160 ms and 6 min with an amplitude 
greater than ~ 2%. The absorption measured at binary phases ^ 0.18 and ~ 0.72 
Is comparable to that expected from the stellar wind of the primary. The 
gravitational capture of material In the wind Is found to be more than enough 
to power the X-ray source. The Increase In the average absorption 
after <t> 0.5, first reported by Mason et al. (1976), Is confirmed. The 

minimum level of absorption Is a factor of 2 or 3 lower than that reported by 
previous observers, which may be related to a factor of ~ 10 decline In the 
average X-ray luminosity over the same Interval. Short term ~ 50% variations 
In absorption are seen for the first time which appear to be loosely 
correlated with ~ 10 min flickering activity In the X-ray flux. These most 
likely originate from Inhomogeneities In the stellar wind of the primary. 

Such Inhomogeneities can account for the X-ray absorption dips seen from the 
related supergiant systems Cyg X-1 and SMC X-1. 

Subject headings: pulsar - Stars: 

eclipsing binaries - 
stars: Individual (HD 153919) - 
stars: winds - X-rays: 
binaries 
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I. INTRODUCTION 

The 3.4 day eclipsing X-ray binary system 4U1700-37/HD1 53919, discovered 
by Jones et al, {1973), distinguishes Itself among the massive X-ray binaries 
by having the earliest spectral type prlma-'y (Hutchings 1976 and refs, 
therein). The strong stellar wind of HDl 53919 together with the 
moderate ~ 10^6 erg s~'- X-ray luminosity of 4U1 700-37 suggest that the X-ray 
source may be driven solely by the gravitational capture of material In the 
stellar wind by the compact secondary (Petterson 1978; Conti 1978). As might 
be expected from an X-ray emitter that Is embedded In a stellar wind, the 
X-ray continuum Is attenuated below a few keV by photoelectric absorption 
(Jones et al. 1973). There Is an additional absorbing component evident at 

nhaeae 0 ^ D 
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eclipse duration appears to be variable (Branduardi, Mason and Sanford 
1978), The density In the stellar wind of the primary is such that the 
optical emission lines are formed In a region larger than the binary 
separation. Observed asymmetries In the radial velocities of these lines 
with respect to orbital phase also point to asymmetries in the stellar wind 
(Hammerschlag-Hensberge et al. 1973; Hutchings 1974; Hammerschlag-Hensberge 
1978). X-ray flares and flickering are conmonly seen on timescales of tens of 
minutes (Jones et al. 1973; Mason et al. 1976) with, until now, no detectable 
spectral change (Mason et al. 1976; Pietsch et al. 1980). The derived mass 
for the secondary of ~ 1.3 Mq (Hutchings 1974) suggests that It is a neutron 
star, although coherent X-ray pulsations have not been conclusively Identified 
(Jones et al. 1973; Branduardi et al. 1979). 

We present the results of observations of 4U1 700-37 by the HEAO-1 A2 
experiment and the Einstein Solid State Spectrometer (SSS), Monitor 
Proportional Counter (MPC) and Imaging Proportional Counter (I PC). In §II 
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high quality non-dispersive X-ray spectra of 4U1 700-37 below 20 keV are 
presented. We compare our results with those of past observers in §111. In 
the final sections we discuss the consequences of these observations for our 
current understanding of the mass loss process from HDl 53919, and for OB stars 
in general. 

II. RESULTS 

A. HEAO-1 and Einstein I PC 

The ephemeris of Branduardi et a1. (1978) predicts that two HEAO-1 

■'’The A2 experiment on HEAO-1 is a collaborative effort led by E. Boldt of GSFC 
and 6. Garmire of CIT, with collaborators at GSFC, CIT, JPL and UCB. 

observations of 4U1700-37, each lasting 3 hrs, were centered at c|) 0.14 and 

(|) ~ 0.73 on 1978 March 21 and March 23. During the former an eclipse exit 
occurred during earth occultation of the satellite that yields an eclipse half 
angle between 46 and 50O, consistent with the values seen previously 
(Branduardi et al. 1978). During the eclipse a residual count rate of 0.018 
cts cm“2 s“l was recorded by the HED (2-60 keV) corresponding to ~ 7y Jy 
dviJy -V. 1 Uhuru ct s~l; Bradt, Doxsey and Jernigan 1979). This is similar to 
that seen ten days earlier when 4U1 700-37 was in the scan plane of the same 
detector. These scanning observations reveal a previously 
unreported ~ 2pJy source somewhere on a ~ 3° scan line that is ~ lo to the 
west of 4U1700-37. In order to exclude Sco X-2 from the FWHM 1 .5o x 30 FOV of 
the detectors the pointing direction of the satellite was offset 0.5° to the 
west, which brought the uncatalogued source well into the FOV. The spectrum 
during eclipse is significantly softer than after eclipse exit, contrary to 
what might be expected if the flux seen during eclipse were due to X-rays 
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Compton scattered around the primary by the wind, since such scattered X-rays 
would be greatly hardened by the effects of photoelectric absorption. We 
attribute this to contamination from the uncatalogued source. The 
Ci^ntrlbutlon of this source Is estimated to be at most ~ 30^ of the eclipsed 
flux. An Einstein IPC observation was made during an eclipse on 1979 May 5 
and gave only 0.04 ct s“l from 4U1700-37 0.1 yjy In the 0. 1-4.0 keV 

band). This Is well below the uncon>,am1nated flux seen by HEAO-1 A2 at higher 
energies unless there Is substantial (~ 1023 \\ cm~2) low energy attenuation of 
the eclipsed flux. The IPC spectrum Is very hard, which Is In qualitative 
agreement with this statement. There Is another significant detection In the 
IPC field at RA » 255.135 and Dec -37.78 with ~ 0.06 ct s"l which Is 


w I ifv I mull a ^ bun m«yn I uuuc 5bar» 


The IPC spectrum of this source 1s 


considerably softer than that of 4U1 700-37, again consistent with the latter 
being absorbed; this new Einstein source Is not related to that seen by HEAO-1 


A2. 


The spectra obtained from the two HEAO-1 A2 observations are suimnarlzed 
In Table 1. The first observation was divided into the eclipse and 
pc^st-ecHpse spectra. Beccuse of the presence of the uncatalogued source In 
the FOV, the low energy absorption 1s poorly defined in all cases, In 
particular during eclipse. All three spectra from 4U 1,00-37 can be well 
represented by the standard X-ray pulsar spectrum of a flat power law that Is 
attenuated above a high energy break energy E^. by a function of the form 
exp C(Ec-E)/Ep3 (cf. White, Swank and Holt 1983). In all the HEAO-1 A2 
observations of this source, a strong Iron line between 6.4 and 6.7 keV with 
an equivalent width of ~ 650 eV Is also required to give an acceptable fit. 
The break energy shows no significant variation from an average of 10 keV for 
all three observations. The high energy turnover of 20 keV at <}, 0.72 Is 
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about a factor of 2 smaller after and during eclipse; the Incident spectrum 
from the ^ ~ 0.72 observation Is shown In Figure 1. 

The data were searched for pulsations and none were found between 160 ms 
and 6 mins with an amplitude greater than 2 percent. For periods greater than 
6 min there 1s considerable low frequency noise caused by 10 min 
flickering. There was no evidence for any excess power over this noise, In 
particular at the previously reported but unconfirmed periods of 97 mins and 

24 mins (see Branduardi et al. 1979 for a full discussion). Given the short 
time span of the observation and the range of variability seen, 1t 1s not 
meaningful to give quantitative upper limits on the amplitude of modulation at 
these periods. 

B. Einstein SSS and MFC 

4U1 700-37 was observed by the Einstein SSS and MFC on 1979 March 20 and 

25 at orbital phases ~ 0.73 and ~ 0.18 respectively. The MFC rate data from 
both observations are shown In Figure 2 with a time resolution of 50s. Also 
shown is the hardness ratio of the flux In the 5-10 keV band over that In the 
2-5 keV bands (hardness ratio). The ubiquitous ~ 10 min flickering and 
flaring can be clearly seen, together with a factor of 3 flare at ~ 13 hrs on 
March 25. The average hardness ratio Is larger at later orbital phases. In 
addition there are previously unobserved fluctuations In the hardness ratio on 
timescales similar to the flickering. There is a tendency for the hardness 
ratio to be a minimum at times of minimum flux, although the correlation Is 
loose. For example at 14-15 hrs on Day 79 the hardness ratio tracked one 
flare but then during the next flare did not. Figure 3 shows the hardness 
ratio versus count rate for each of the observations. The hardness ratio and 
count rate during these two observations have linear correlation coefficients 
of 0.48 and 0.63, respectively and the probability that these values for the 


correlation coefficient would be found for two statistically uncorrelated 
samples are < 0,001 (Bevin.qton 1978). A cross correlation shows no evidence 
for a time delay between the hardness and Intensity, for time delays more 
than ~ 100 sec. 

We summed the SSS spectral data into three qroups correspondlno to the 
non-flare and flare data near <|> ~ 0.18 and all the data from «j> 0.73. The 

spectral parameters obtained from the SSS data are summarized In Table 2. The 
power law energy Index a was fixed at the HEAO-1 A2 value of -0.15, although 
the results are Insensitive to variations In this parameter within the 
uncertainties quoted In Table 1. There Is an Increase in the absorption from 
(1.0 + 0.2) X 10^3 H cm"2 to (1.6 + 0.2) x 1023 h cm“2 (90% confidence) 


between the two binary phases. This change is accompanied by an overall 
Increase in the MFC hardness ratio between (j> ~ 0.18 and <|) ~ 0.73 (Figure 2), 
leading us to attribute the hardness ratio changes to changing absorption, 
rather than to changes In the continuum. This view Is further supported by 
the lack of any variation In the high energy continuum on similar timescales 
(Pletsch et al. 1980). There Is no significant change in absorption 
associated with the flare at (j> ~ 0.19 relative to the average of all the 
remaining data In that interval. In Figure 4 the <j) ~ 0.18 flare plus the 
non-flare PHA data and all the ^ ~ 0.73 PHA data are shown along with the best 
fit model. Attempts to resolve spectral changes with the SSS on shorter 
timesales were unsuccessful due to the low count rate. The magnitude of the 
short timescale variations in the MPC hardness ratio are comparable with the 
average change from 4 » = 0.18 to 0.73 and Indicates that we are observing 50% 
fluctuations In absorption. 


III. COMPARISON WITH PAST OBSERVATIONS 
The increase In absorption we observed at later orbital phases (cf. 
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Figure 2, Table 2) is similar to that reported by Mason et al. (1976) and 
Branduardi et al. (1978) from Copernicus observations; although the minimum 
value of the low energy absorption seen by the SSS was a factor 2-3 Vswer. 

Such a difference cannot be caused by systematic differences in the d/namic 
range and resolution of the two experiments. The MFC is to lowest order a 
much larger version of the Copernicus 2-10 keV detector and would be similarly 
affected; the column densities implied by the MFC, while less precise, are not 
systematically high^^r than the SSS values. 

The factor of 2-3 long terri decrease in absorption may be related to a 
factor of 10 reduction in the average X-ray luminosity of the source. In 
Table 3 we summarize the range of «ibsorption and of flux seen by ourselves and 
past observers. The latter is given in units of uJy for those intervals where 
the absorption was less than 4 x 1023 h cm“2. Given the difference between 
the various detectors these may be uncertain by up to ~ 50%. Table 3 
illustrates a rough correlation between the minimum value of the absorption 
and the average intensity of the source. The luminosities seen by Dolan et 
al. (1980) and Fietsch et al. (1980) in 1978 Sept, and Nov. are comparable 
with those given in Tables 1 and 2. These results provide convincing evidence 
of a systematic decrease in intensity and absorption sinc,^ 1974. 

Mason et al. (1976) reported that there is no spectral variability 
associated with the flaring activity. Our discovery of 50% changes in 
absorption associated with the variability is probably not in contradiction 
with this earlier result because the limited sensitivity of the Copernicus 
detector forced Mason et al. (1976) to apply a simple intensity filter over 
several days of data. As is well illustrated by Figure 3 this would tend to 
include both high and low absorption data. 


Measurements of the continuum above 20 keV by high energy experiments 
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gives an exponential attenuation energy Ej: of ~ 30 keV (Dolan et al. 1980*, 
Pletsch et al, 1980), although Ricker et al. (1970) finds a lower Ep of 10-20 
keV, Our observations show evidence fu*'’ a variation in Ep from 10 to 20 keV 
at different orbital phases. Some of these differences may reflect the 
different dynamic ranges of the various experiments, however our data also 
suggests some Intrinsic variation. The average flux after eclipse exit Is a 
factor of two below that seen at (j> 0.72 (Table 1). This lower Intensity mav 

be coincidental, although past observations on occasion also show evidence for 
a gradual eclipse entry /exit (Branduardi et al. 1978). Since there Is no 
substantial Increase In absorption iissoclated with this reduction In flux It 
may suggest the presence of a substantial optical depth of hot fully Ionized 
material close to the surface of the primary; Compton scattering In this 
material could also be responsible for the change In the parameter Ep* 

IV. THE ACCRETION FLOW 

The absorbing column that we measure can be compared with that predicted 
on the basis of the known parameters of the system, assuming all the 
absorption Is from the stellar wind. We use the parameters of this system 
summarized by Conti (1978), together with the stellar wind velocity 
law v(R) s Vj^ (1-RWR)^. where R Is the distance from the center of the 
primary, R* is the primary radius, v^ Is the terminal velocity, and t “ 0.5 
or Y ° 1* Such a model assuming a mass loss rate of 10“^ yv'"^ and v = 

0 CO 

2600 km s-1 (Dupree et al. 1978) yields an estimate of the cold column density 
expected A-t orbital phase <|> = 0,18 of Nj^^q = 2,i x H cm~2 for y « 1.0 and 

= 1.4 X 1023 H cm~2 for y « 0.5; these values are ~ 15% smaller 
at (}! ~ 0.72, The latter estimate Is in reasonable agreement with the observed 
value of (1.0±0.2) x 10^3 H cm"2. The slight discrepancy can In part be 
attributed to partial ionization of the stellar wind by the X-ray source, 


which reduces the effective cross section of the material along the line of 
sight. These estimates are also sensitive to uncertainties in the assumed 
primary mass loss rate. 

Following the simple stellar wind accretion model outlined by Davidson 
and Ostriker (1973) the mass transfer rate required to produce the observed 
luminosities assuming 100 % conversion of the gravitational potential energy 
into X-rays and spherical symmetry, is given by M ~ 10"® . L 36 . V 3 Mq 
where L 35 is the observed luminosity in units of lO^o erg s"^ and V 3 is the 
wind velocity at the X-ray source in 1000 km s"^ (a neutron star with a mass 
of 1.4 Mq is assumed). The velocity of the wind in the vicinity of the X-ray 
source will be equal to the wind velocity at the point where the X-ray source 
photoionizes the ionic species responsible for the radiative acceleration of 
the wind (Hatchett and McCray 1976); the material presumably coasts beyond 
this point. According to this criterion, the radiative acceleratio. will be 
suppressed throughout a roughly spherical volume of radius lO^^ cm. The 
aforementioned velocity law gives velocities of ~ 20 % and ~ 44% the terminal 
values for y = 1.0 and 0.5 respectively. These require a mass loss rate from 
the primary of < 10-6 Mq yr“^» compared to the assumed value for this type of 
star of 10“5 yf'l. Alternatively a mass loss rate of 10“5 yr-1 requires 
a wind velocity near the X-ray source of 1900 km s"^ in order to produce the 
observed X-ray luminosities; this exceeds the wind velocity predicted by the 
simple velocity law by a factor of ~ 4, for a terminal velocity v^ « 2600 Km 
sec"^ and There is clearly no need to invoke an additional source of 

material from Roche lobe overflow, since we already have more than is 
required. This discrepancy may indicate that the velocity law is faster than 
expected which in turn would also help reduce the overestimate of the 
predicted absorption discussed earlier. 
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The reduction In the base level of the absorption associated with a 
decrease In the average Intensity between these results and those of past 
observers supports the Idea that both the accreted material fueling the X-ray 
source, and the material responsible for the absorption originate In the 
stellar wind. While there 1s uncertainty In the mean Intensity, this 
correlation does not appear to be linear (Table 3) which suggests that If wind 
accretion dominates, then the velocity of the wind In the vicinity of the 
X-ray source must be changing along with any change In the mass transfer rate. 

The residual flux seen during eclipse of ~ 10% the average unecllpsed 
emission Is consistent with that expected from scattering of the original 
emission by the stellar wind around the primary. For the optically thin case 
the flux scattered around the primary will be ~ t times the unecllpsed value, 
where t 1s the average optical depth through the wind. The scattered flux 
Implies T ~ 0.1 which 1n turn gives ~ 10^3 h cm“2, consistent with both that 
derived above and the absorption inferred from the low count rate seen by the 
IPC. 

Although the absorption seen at <() = 0.18 can be reconciled with the other 
parameters of the binary system, the ~ 50% asymmetry between the absorption 
seen at <j> = 0.18 and that seen at ij. = 0.73 cannot be so easily understood. 

The simple theory of stellar wind absorption (Buff and McCray 1974) predicts 
that the absorption should be symmetric abcut (j> = 0,5, and that the phases 
closest to eclipse exhibit the strongest absorption. Phase related absorption 
asymmetries have also been observed In the other massive X-ray binaries Cen 
X-3 (Schreler et al. 1972) and Vela X-1 (Charles et al. 1978; Kallman and 
White 1982). 

The Interpretation of the gas flows in 4U1 700-37 and the other systems 
where asymmetries have been observed Is complicated by the great variety of 


physical processes that ma^y be acting. If the accretion occurs via Roche lobe 
overflow, Prendergast and Taam (1974) have shown that the accretion flow may 
tend to fill the region trailing the X-ray source In Its orbit, presumably 
leading to asymmetric absorption similar to that observed. If the accretion 
occurs directly from the stellar wind (Davidson and Ostrlker 1973), then the 
supersonic motion of the X-ray source through the wind may produce an 
"accretion wake" downstream from the X-ray source (Eadle et al. 1975). The 
material In the wake, although heated by passage through the shock wave 
trailing the X-ray source and by X-ray photoionization, may still be able to 
produce the observed absorption. Simple estimates show that the accretion 
wake can produce extended regions of absorption centered on roughly orbital 
phases 0.5 and 0.7 (Jackson 1975). However, as noted by Mason et al. (1976) 
and Bra 'd1 et al. (1978), the extended region of enhanced absorption at 
later orbital phases argues against the accretion wake as an explanation for 
the asymmetric absorption from 4U1700-37. Fransson and Fabian (1980) proposed 
that shocks formed in the collision of radlatively driven wind with the part 
of the wind photolonized by the X-ray source (but still subject to the massive 
star's gravity) could give rise to the asymmetric density structure. 

V. THE STRUCTURE OF THE STELLAR WIND OF HD153919 
The ~ 50% variation In the absorption on a timescale similar to that of 
the X-ray flickering suggests that we are viewing optically thick blobs of 
material attenuating the X-ray source, and that these same Inhomogeneities are 
responsible for the flickering via variations In the accretion rate. Although 
such absorbing blobs could arise from Instabilities In the accretion flow near 
the neutron star magnetosphere, the material there 1s likely to be highly 
Ionized, and the f reef all timescale for such Instabilities much smaller than 
the ~ 10 min timescale we observe (Brinkmann 1981). A «sore likely origin Is 
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blob-1 1ke Inhomogenelties in the stellar wind which, since the accretion flow 
is likely dominated by capture from the wind, provides a natural explanation 
for the flickering and absorption. The flickering may be caused by episodes 
of enhanced accretion, while the absorption events may be the blobs passing 
through our line of sight. The observed loose correlation between absorption 
and flickering then may be due to the fact that some of the blobs along the 
line of sight escape capture by the neutron star, while others are entirely 
swallowed, leading to a range of possible absorption/emission ratios. 

If we assume the velocity of the wind is ~ 103 km s-1 the timescale of 
the flickering of 10 mins gives a thickness for the inhomogeneities in the 
direction of velocity vector of ~ 6 x lOlO cm. We cannot distinguish between 
the absorption events and X-ray flickering being caused by either factor of 2 
or 3 density enhancements, or by factor of ~ 2 variations in the velocity of 
the wind {or perhaps by a combination of both). The 50% changes in absorption 
implied by the hardness ratio are equivalent to 5 x 10^2 H cm"2 variations 
in the line of sight column density. Using a mass loss rate of 10”^ Mq y*^"^ 
and the velocity law with y = 0*5 gives a density in the vicinity of the X-ray 
source of 10^^ cm"3 which, in view of the overestimate of the X-ray 
luminosity, can be regarded as a conservative upper limit. This indicates 
that to give sufficient absorbing column the blobs must be elongated in our 
viewing direction. Further evidence for an elongated structure comes from the 
fact that all the low-Z elements within a radius of ~ loH cm, similar to the 
blob thickness, will be fully ionized by the X-ray source. For the cases 
where there are correlated flare and absorption events this again requires 
more material further away in the line of sight. Because all the observations 
were made close to quadrature, when we view approximately perpendicular to the 
velocity vector of the wind in the vicinity of the X-ray source, the blobs 
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must be fkttened In the direction of their velocity* vector* The observed 
absorption variations give a larger dimension for the blobs of > 5 y. 10^^ cmj 
further observations at different orbital phases may allow their exact size to 
be directly measured. We expect that observations at the superior conduction 
of the X-ray source (where we have none) will reveal the absorption events to 
be nxich less pronounced. 

According to this model the only blobs which will practice significant 
fluctuation In absorption will be those which graze the X-ray Stromgren 
zone. These same blobs will also produce emission via enhanced accretion. Of 
the blobs which emit, we expect about half to absorb also, since this fraction 
will pass along the observer's line of sight. This Is roughly in accord with 
the correlation we observe. 

These Inhomogeneities may be the same as tnose proposed by lucy and White 
(1980) to account for the coronal X-ray emission seen from OB stars. The 
anomolous ionization state of the X-ray absorbing material seen on occasions 
from Vela X-1 also requires a source of soft X-rays distributed throughout the 
wind (Kallman and White 1982). Similar timescale flickering and flaring 
activity has been seen from Vela X-1 (Charles et al. 1978), X Per and y Gas 
(White et al. 1982); although the wind density Is smaller 1n these systems and 
absorption events would probably not be detectable by current 
instrumentation. This supports the view that stellar wind accretion also 
dominates In these systems and that the structure of the wind Is similar. In 
other related systems where gas streams may dominate the flow to the X-ray 
source (Conti 1978; Pctterson 1978) such flickering and flaring are not seen 
(SMC X-1; Marshall, White and Becker 1983; Gen X-3; Schreler et al. 1972; Cyg 
X-1; Mason et al. 1974), Absorption events are also not usually seen from 
these systems because the high luminosity of the X-ray source will fully 


Ionize most of the stelUn wind on the X«*rey source side of the primary « SMC 
X»1 has recently been observed to undergo absorption events close to eclipse, 
1,0, when we view close to the primary where the Ionization of the wind by the 
X-^ray source Is reduced’, the timescale of these events Is again comparable to 
those discussed here but their column density Is an order of magnitude higher 
(Marshall et al* 1983). Similarly, Inhomogeneltles in the wind of the primary 
of Cygnus X«1 can account for the absorption dips that have been reported near 
superior conjunction of the primary (Mason et al, 1974j LI and Clark 1974), 

The peculiar nature of the absorption spectrum of these dips below 4 keV 
found by Pravdo et al (1980) may be caused by partial Ionization of the 
blobs. Clearly these systems are allowing new Insight Into the structure of 
the stellar wind of 08 stars, 

VI. THE NATURE OF THE SECONDARY 

The failure to detect any X«ray pulsations from 4U1 700-37 Is surprising 
given the close resemblance of the properties of this system to other OB 
binary stars that have pulsating X-ray secondaries (e.g. Vela X-1; McClintock 
et al. 1976), The 8-60 keV spectrum that we present (Figure 1) Is very 
similar to the phase averaged spectra of X«ray pulsars In general (White et 
al, 1983), This adds further circumstantial evidence that the compact object 
Is an accreting neutron star, y Cas and 8S0114+65 (Lj^ lO^^^IOSa erg s’*M 
are similar cases where probably there are accreting magnetic neutron stars 
that do not Impose coherent periodicity on the observed flux (White et al, 
1982*, Koenigsberger et al, 1988), If the neutron stars in 4U1700-37, y Cas 
and 8S0114+65 are undergoing spherical accretion from the stellar wind then 
the Infalling material will enter the screening currents of the magnetosphere 
via the Raylelgh-Taylor Instability, The material 1s not easily attached to 
the field lines and 1t will not form a well collimated flow to the magnetic 


pole (Arons and Lea 1976a,b; Eisner and Lamb 1977), Arons and Lea (1980) have 
shown that when Lj^ < lo^® erq s"l a substantial fraction of the infalling 
material may rain down all over the neutron star surface and thus make any 
modulation of very low amplitude and hard to detect. Several of the tow 
luminosity stellar wind accreting neutron stars do tend to show much less 
structured and smaller amplitude light curves than is seen from the more 
luminous systems (White et al. (1983). It is therefore quite plausible that 
in 4U1 700-37 the accretion process and viewing conditions are such that X-ray 
pulsations cannot be detected. 

It is interesting to compare the properties of Vela X-1 with those of 
4U1700-37. As is the case for 4U1700-37 (cf. § IV), there is more than enough 
material in the stellar wind to power the X-ray source (Conti 1978; Petterson 
1978), which makes it unnecessary to invoke any major contribution from Roche 
lobe overflow. But the fact that strong pulsations are detected from Vela X-1 
is in stark contrast to the lack of any from 4U 1700-37. This may reflect a 
fundamental difference in the accretion process. For example, even a small 
accretion disk surrounding the neutron star in Vela X-1 may allow much more 
efficient threading of the accreted material onto the field Vines (Ghosh and 
Lamb 1979). 

The similarity of the spectrum of 4U1 700-37 to spectra of pulsars extends 
to the equivalent width of an emission feature attributable to Fe. The 
equivalent widths are about the same as for 4U1 145-61 and 4U1 258-52 which also 
have luminosities lo35-io36 ergs s-1 (White et al. 1983). With limits of 20 
days on their binary periods they are likely to be wind accretors and White et 
al. saw for them no alternative production site for Fe emission than matter 
accumulated with optical depth > 0.1 at the magnetospheres of the pulsars. In 
the case of 4U1 700-37 the close stellar companion and denser wind do allow 
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(for Npe/^H ^ ^ 10-5) perhaps 90 eV, at most, from the star, (Basko 1978; 
Hatchett and Weaver 1977) and perhaps 360 eV from the wind if we consider both 
6.4 keV and 6.7 kvV complexes (Hatchett and McCray 1978). While the wind 
structure and its contribution are uncertain, it is unlikely that it and the 
companion can account for the full effect. The shortfall woiild be explained 
if there is also accumulation at a magnetosphere around a neutron star in 
4U1700-37. (However, the approximate equality of the equivalent widths for 
41)1700-37 and the pulsars would be a coincidence.) 

VII. CONCLUSION 

These observations support the idea that the stellar wind of HD’I53919 is 
the dominant influence on the observed X-ray properties. Conversely this 
means the X-ray source is providing information on the nature of the stellar 
wind. The dense region of material following the X-ray source in this and all 
other related systems cannot be reasonably accounted for in the context of 
current accretion wake or Roche lobe overflow models. On shorter time-scales 
50% fluctuations in absorption on timescales of 10 min shows that wind is 
inhomogeneous and contains blobs of material, flattened in the direction of 
their velocity vector, with a thickness of ~ 6 x 10^*^ cm and a width at least 
an order of magnitude larger. Similarily structured winds from the primaries 
of Cyg X-1 and SMC X-1 can acount for the absorption dips seen from these 
systems. Lucy and White (1980) and Lucy (1982) have invoked the non-uniform 
acceleration of such inhomogeneities as the origin of shocks in the wind that 
are responsible for the soft X-ray coronal emission seen from all OB stars. 
X-ray observations of these massive X-ray binary systems at different binary 
phases will allow our knowledge of the structure and origin of these 
inhomogeneities to be further refined. This may turn out to be the only 
direct method of measuring the fine structure of the stellar winds of early 


type stars. 
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TABLE 1: HE AO-1 A2 RESULTS 


Binary Phase 

0.125-0, 138b 
(eclipsed) 

0.138-0.162 

0.706-0.747 

Day 1978 

80 

80 

82 

Average HED ct s-lcm‘2 

0.018 

0.05 

o.n 

Lx® (erg s“M 

1 X 1035 

2 X 1035 

7 X 1035 

Energy Index a 

0.1 ± 0.3 

0.0 ± 0.2 

-0.15 ± 0.15 

Nj^ (H cm“^) 


< 14 X 1022 


Ec (keV) 

10 ± 5 

10 ± 3 

10 ± a 

Ep (keV) 

13 ± 5 

11 ± 4 

20 i 3 

Iron Ka Line 

EW (eV) 

800 i 400 

650 ± 120 

630 ± 90 

AE (keV) 

< 3 

< 3 

< 3 

X^/dof 

21/30 

35/30 

27/30 


® the unabsorbed luminosity In the 1-100 keV band for an assumed distance of 
1.2 kpc (Hutchings 1976) 

^ all the spectra are contaminated by an uncatalogued soft ~ 2 uJy source ~ 1° 
to the west of 4U1 700-37. This spectrum Is particularly badly contaminated 
and the flux may be over estimated by up to ^ 30% and the hydrogen absorption 
derived Is unreliable. 





TABLE 2: EINSTEIN SSS 


Orbital Phase ^ 

0.172-0.202 

0.191 

0.714-0.764 

Day (1979) 

84 

84 

79 

Average SSS cts s-1 

0.70 

1.30 

0.55 

(erg s-1) 

7 X 1035 

2 X 1036 

9 X 1035 

Normalization 

0.060 

0.144 

0.081 

Energy index a (Fixed) 

0.85 

0.85 

0.85 

(10^^ H cm"2) 

10 ± 2 

11 ± 1 

16 ± 2 

x^/dof 

71/50 

46/50 

90/50 


^ the Linabsorbed luminosity in the 1-100 keV energy band for an assumed 
distance of 1.2 kpc (Hutchings 19^76). 
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TABLE 3: THE HISTORY OF 4U1700-37 


Date 

Satellite 


Average Range of 
Flux (liJy) 

Nh X 10^2 
(H cm-2) 

1974 July 

Copernicus^ 


100-260 

25-60 

1975 July 

Copernicus^ 


30-120 

21-60 

1976 August 

Copernicus^ 


20-80 

18-50 

1978 March 

HEAO-1 A2C 


10-30 

< 15 

1979 March 

Ei'nsteinc 


10-30 

10-16 

® Mason, Branduardi and Sanford 

(1976) 



^ Branduardi, 

Mason and Sanford 

(1978) 
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FIGURE CAPTIONS 

Figure 1 - The Incident spectra of 4U1700-37 at <j> 0.72 from the HED 

detector of HEAO-1 A2, deconvolved using the best fit model given 1n Table 1. 

Figure 2 - The E-IO keV Intensity verses time for all the MPC observations 
of 4U1 700-37 In 50 s accumulation Intervals. Also shown In tne hardness ratio 
which Is the division of the 5-10 keV over the 2-5 keV energy band. 

Figure 3 - The hardness ratios and count rates given 1n Figure 2 p ^ 
against each other. Typical one sigma errors are shown. 

Figure 4 - The PHA spectra from each of the two SSS observations. The flare 
and non-flare data have been combined. The best fit models given In Table 2 
are shown as solid lines. The deviations at energies < 2 keV are caused by 
uncertainties in the background subtraction. 
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